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Description 

Background of the invention 

The present invention discloses an aqueous polymerization medium comprising (1) a catalyst 

s composition which contains (a) an organometallic compound and (b) a transition metal compound wherein 
said catalyst composition is microencapsulated in a polyene product; and (2) water. This invention also 
discloses an aqueous polymerization medium comprising (1) a catalyst composition which is prepared by 
dissolving in an inert organic solvent containing at least one polyene (a) a transition metal compound and 
(b) an organometallic compound and (2) water. This aqueous polymerization medium is very useful in the 

10 polymerization of unsaturated hydrocarbon monomers. It is of greatest value in the polymerization of 
conjugated diolefin monomers into stereo-regulated polymers. This invention reveals a very useful process 
for producing a polybutadiene composed essentially of syndiotactic 1,2-polybutadiene in an aqueous 
medium comprising polymerizing 1,3-butadiene in said aqueous medium in the presence of (1) a catalyst 
component microencapsulated in a polyene product which contains (a) at least one cobalt compound 

is selected from the group consisting of (i) {3-diketone complexes of cobalt 00 0-keto acid ester complexes of 
cobalt, (iii) cobalt salts of organic carboxylic acids having 6 to 15 carbon atoms, and (iv) complexes of 
halogenated cobalt compounds of the formula CoX n , wherein X represents a halogen atom and n 
represents 2 or 3, with an organic compound selected from the group consisting of tertiary amines, 
alcohols, tertiary phosphines, ketones and N,N-dialkylamides, and (b) at least one organoaluminum 

20 compound of the formula AIR 3 wherein R represents a hydrocarbon radical of 1 to 6 carbon atoms; and (2) 
carbon disulfide. 

The syndiotactic 1,2-polybutadiene produced in accordance with this invention is valuable as the 
material of films, fibers, and many other shaped products, because of its unique properties such as high 
melting point high crystallinity and excellent solvent resistance. Furthermore, this syndiotactic 1,2- 
25 polybutadiene exhibits excellent mechanical properties, particularly impact strength, when crystallinity 
and melting points are moderated. 

The polybutadiene produced by the subject process possesses vinyl radical side chains, and 
consequently shows remarkably improved surface characteristics over those of polyolefin resins. 
Syndiotactic 1 ^-polybutadiene has a unique combination of properties which make it very useful in tires. 
30 For example, both wear and rolling resistance are improved by the inclusion of this polymer in tires. 

The vinyl radical side chains present in this syndiotactic 1,2-polybutadiene also conveniently allow for 
the post-treatment of the polymer, such as, crosslinking, graft-polymerization, etc. 

Methods for making this polymer by polymerization in hydrocarbons or halogenated hydrocarbon 
solvents are well-known. 

35 A process for the preparation of 1,2-polybutadiene which comprises polymerizing 1,3-butadiene in the 
liquid phase, in the presence of a catalyst composition composed of: 

(a) a cobalt compound 

(b) an organoaluminum compound of the formula 
<° AIR a 

in which R is a hydrocarbon radical of 1—6 carbons, and 

(c) carbon disulfide is disclosed in U.S. Patent 3,778/424. U.S. Patent 3,901,868 reveals a process for 
producing a butadiene polymer consisting essentially of syndiotactic 1,2-polybutadiene by the successive 

45 steps of: 

(a) preparing a catalyst component solution by dissolving, in an inert organic solvent containing 
1 ,3-butadiene, a cobalt compound, soluble in the organic solvent, such as (i) cobalt-3-diketone complex, (ii) 
cobatt-p-keto acid ester complex, (iii) cobalt salt of organic carboxylic acid, and (iv) halogenated 
cobalt-Iigand compound complex, and an organoaluminum compound. 
so (b) preparing a catalyst composition by mixing the catalyst component solution with an alcohol, ketone 
or aldehyde compound and carbon disulfide, 

(c) providing a polymerization mixture containing desired amounts of 1,3-butadiene, the catalyst 
composition and an inert organic solvent, and 

(d) polymerizing 1 ,3-butadiene at a temperature of -20°C to 90°C. 

' 55 u.S. Patent 3,778,424 indicates that the presence of water in the catalyst and/or the polymerization 
system reduces the polymer yield. U.S. Patent 3,901,868 indicates that it is well-known that the 
organoaluminum catalyst component should be prevented from contact with water. French Patent 
1,251,154 discloses a stabilization procedure for soluble catalysts which are utilized in the polymerization of 
conjugated diolefins, such as 1,3-butadiene. The catalysts disclosed therein are comprised of a (1) a part 

60 having the formula AIR2X (in which R is an alkyl, aryl or alkylaryl group and X is a halogen atom) and (2) a 
part having the formula MY (in which M is a metal from Group VIII of the periodic system and Y is an anion). 
This French patent emphasizes the importance of keeping the catalyst system perfectly dry. 

One aqueous polymerization of a stereo-regulated polymer of commercial significance should be 
noted. Polychloroprene is made in an aqueous emulsion with a free radical generating catalyst This 

65 polymer has more than 95 percent of its monomer units in a 1,4-configu ration (mostly trans). This 
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structural purity is probably caused by steric and electronic effects In the polymerizing chlorinated 
hydrocarbon monomers, but in any case is quite untypical of a polymer prepared in a free radical 
polymerization. Some other exceptions to the general rule that stereo-regulated polymers can only be 
prepared in a nonaqueous medium include the preparation of crystalline trans 1,4-poly butadiene which 

s has been synthesized in an aqueous medium employing certain metal salts, such as those of rhodium and 
ruthenium as the catalyst and the preparation of trans polyisoprene has also been synthesized in water 
employing a n-allyl nickel catalyst 1,2-polybutadiene has been prepared in water using palladium salts as 
the catalyst Low yields and other practical problems have discouraged the large scale use of these 
aqueous polymerizatiojTS_ commercially. _ 

10 Obviously, the synthesis of stereo-regulated polymers in an aqueous" suspension has important 
advantages over solution polymerization. Water as a medium in which to carry out such a polymerization is 
less expensive, more easily purified, less sensitive to oxygen, and has a higher heat capacity. Such an 
aqueous process can be carried out in emulsion-type reactors with little or no reactor modification. The 
aqueous process also permits higher monomer and higher solids concentrations in the reactor because of 

15 the lower viscosity of a polymer suspension compared with a polymer solution. 

Unfortunately, it has been the general rule that synthetic stereo regulated polymers can only be 
synthesized in solution processes. Aqueous processes have not been available in which there was an 
organometallic catalyst component present 

20 Summary of the invention 

Since water can decompose the organoaluminum catalyst component used in the polymerization of 
syndiotactic 1,2-polybutadiene, it has been believed that the removal of essentially all of the water from 
such a polymerization system was desirable. The present invention reveals a technique for "protecting" 
such an organoaluminum catalyst component from water which even allows for carrying out aqueous 

25 suspension polymerizations in a water medium. 

This invention is useful in the polymerization of unsaturated hydrocarbon monomers to polymers. It is 
particularly useful in the synthesis of stereo regulated polymers from conjugated diolefin monomers. 
Stereo regulated hydrocarbon polymers can be synthesized in an aqueous medium in the presence of a 
catalyst composition comprising (1) an organometallic and (2) a transition metal compound which is 

3o microencapsulated in a polyene product Some representative examples of conjugated diolefins that 
conceivably can be polymerized into stereo regulated polymers include isoprene, piperylene, butadiene, 
and the like. The transition metal compounds that can be employed in the catalyst composition include: 
P-diketone complexes of cobalt; p-keto acid ester complexes of cobalt; cobalt salts of organic carboxylic 
acids; complexes of halogenated cobalt compounds of the formula CoX^ wherein X represents a halogen 

35 atom and n represents 2 or 3, with an organic compound. The organometallic compounds employed in the 
catalyst composition are organoaluminum compounds of the formula: AJR 3 . 

These catalyst components are microencapsulated in at least one polyene product in order to protect 
the catalyst from the water used as the medium in these polymerizations. It is believed that a hydrophobic 
shield is formed around the catalyst that the water cannot readily penetrate. However, this hydrophobic 

40 shield or membrane is probably permeable by the monomer being polymerized. The polyene product 
formed, that microencapsulates the catalyst is believed to be either a monomeric complex, an oligomer of 
the polyene, or a polymer of the polyene. This polyene product can be formed from the same monomer 
that is being polymerized into a polymer in the main polymerization or from a different polyene that is not 
being used in the main polymerization of this Invention. Polyenes are olefins that contain 2 or more double 

& bonds. A probable explanation of the effectiveness of microencapsulation or hydrophobic shielding of the 
catalyst is that the polyene product comprises part of the ligand assemblage around the transition metal 
atom or atoms. The polyene may be bound to the metal, for example, by n-allyl bonding which is inert to 
water because of both steric and chemical effects of the ligand assemblage. The bond between metal and 
polyene, however, is readily replaced by a new n-allyl bond between metal and incoming monomer 

so molecule, which at the same time forms a sigma bond to the displaced polyene. Then another molecule 
moves into repeat this insertion process. Continuation of the process builds up a polymer molecule. 

The catalyst compositions used in this invention are microencapsulated by employing a prereaction 
process. In this prereaction process the organometallic component and the transition metal compound 
component of the catalyst composition are dissolved in an inert organic solvent with at least one polyene 

55 monomer. The ratio of the monomer to the transition metal compound in this catalyst component solution 
should be at feast 1.0 and preferably about 25 by mole. This catalyst component solution is preferably 
prepared at a temperature of 10°C to 50°C and preferably contains 0.0005 to 1.0 percent by mole, more 
preferably 0.001 to 0.5 percent by mole of the transition metal compound and 0.001 to 10 percent by mole 
and more preferably, 0.03 to 5 percent by mole of the organometallic compound based on the amount by 

so mole of monomer that will be polymerized in the main polymerization of this invention. Such a catalyst 
component solution can be added to water to form an aqueous polymerization medium that is useful in the 
polymerization of monomers to polymers. 

This invention discloses how a microencapsulated catalyst is able to produce polymer while dispersed 
in water. For a given organometallic/transition metal catalyst to be effective for polymerization in the 

65 presence of water, the water-sensitive catalyst components must be chosen and assembled in such a way 
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that the catalyst is encapsulated or shielded from water and yet accessible to monomer. More particularly, 
catalysts are described in this invention which are shielded from water and accessible to butadiene 
monomer so that crystalline syndiotactic 1,2-polybutadiene is produced in high yield. 

The present invention more specifically discloses an aqueous polymerization medium characterized by 

6 containing a catalyst composition which contains (a) an organoaluminum compound of the formula AIR3, 
wherein R represents a hydrocarbon radical of 1—6 carbon atoms and (b) a cobalt compound selected from 
the group consisting of (i) p-diketone complexes of cobalt, (ii) p-keto acid ester complexes of cobalt, (iii) 
cobalt salts of organic carboxylic acids having 6—15 carbon atom, and (iv) complexes of halogenated 
cobalt compounds of the formula CoX„, where X represents a halogen atom and n represents 2 or 3, with 

10 an organic compound selected from the group consisting of tertiary amines, alcohols, tertiary phosphines, 
ketones, and N,N-dialkylarnides; wherein said catalyst composition is microencapsulated in a polyene 
product and wherein the mole ratio of polyene in the polyene product to the cobalt compound is at (east 
1.0. 

is Polybutadiene synthesis process 

The catalyst compositions of this invention which are microencapsulated in a polyene product are of 
greatest value in the aqueous polymerization of butadiene monomer into polybutadiene which is 
composed essentially of syndiotactic 1,2-polybutadiene. This invention discloses a process for producing 
polybutadiene composed essentially of syndiotactic 1,2-polybutadiene, comprising the steps of: 

20 (A) preparing a catalyst component solution by dissolving, in an inert organic solvent containing 
1,3-butadiene (a) at least one cobalt compound selected from the group consisting of (i) 3-diketone 
complexes of cobalt, (ii) p-keto acid ester complexes of cobalt, (iii) cobalt salts of organic carboxylic acids 
having 6 to 15 carbon atoms, and (iv) complexes of halogenated cobalt compounds of the formula CoX n , 
wherein X represents a halogen atom and n represents 2 or 3, with an organic compound selected from the 

2* group consisting of tertiary amines, alcohols, tertiary phosphines, ketones, and N,N-dialkylamides, and (b) 
at least one organoaluminum compound of the formula AIR S , wherein R represents a hydrocarbon radical 
of 1 to 6 carbon atoms; 

(B) preparing a reaction mixture by mixing said catalyst component solution with a 1,3-butadiene/ 
water mixture containing desired amounts of said 1 ^-butadiene; 

30 (C) preparing a polymerization mixture by mixing carbon disulfide throughout said reaction mixture, 
and 

(D) polymerizing said 1,3-butadiene in said polymerization mixture into polybutadiene while agitating 
said polymerization mixture. 

The polymer produced by the process of the present invention is composed essentially of syndiotactic 
35 1,2-polybutadiene and generally has a melting point of 70°C to 210°C. The crystallinity and melting point of 
the polybutadiene produced by using this process can be controlled by adding hydrocarbon-soluble 
alcohols, ketones, nitrites, aldehydes or amides to the polymerization mixture. 

In the first step of this synthesis of syndiotactic 1,2-polybutadiene, a catalyst component solution is 
prepared by dissolving at least one cobalt compound and at least one organoaluminum compound in an 
40 inert organic solvent containing at least one polyene monomer dissolved therein. 

The term "an inert organic solvent ' used herein refers to an organic solvent chemically inert to all of 
the catalyst components used in the process of the present invention, 1,3-butadiene and the butadiene 
polymer. Some representative examples of inert organic solvents include aromatic hydrocarbons, aliphatic 
hydrocarbons, alicyclic hydrocarbons, halogenated aromatic hydrocarbons, and mixtures of two or more 
45 of the above-mentioned compounds. The aromatic hydrocarbons may be benzene, toluene, xylenes, 
ethyibenzene, diethylbenzene or isobutyi benzene; and the aliphatic hydrocarbons may be n-hexane, 
isohexanes, n-heptane, n-octane, isooctanes, n-decane, 2,2-dimethylbutane, petroleum ether, kerosene, 
petroleum spirit or petroleum naphtha, and the alicyclic hydrocarbon may be either cyclohexane or 
methylcyclohexane. The halogenated aromatic hydrocarbon may be chlorobenzene, dichlorobenzenes or 
so trichlorobenzenes. 

The cobalt compound usable for the process of the present invention is soluble in an inert organic 
solvent selected from the group consisting of 

i. p-diketone complexes of cobalt; 

ii. p-keto acid ester complexes of cobalt; 

55 in cobalt salts of organic carboxylic acids having 1 to 25 carbon atoms; and 
iv. complexes of halogenated cobalt compounds of the formula: 

CoX n 

50 wherein X represents a halogen atom and n represents 2 or 3, with an organic compound selected from the 
group consisting of tertiary amines, alcohols, tertiary phosphines, ketones and N,N-dialkylamides. 
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The p-diketone compound to form a complex with a cobalt atom is of the formula: 




wherein R 1 and R 4 , which are the same as or different from one another, are an allcyl radical of 1 to 6 carbon 
to atoms and R 2 and R 3 , which are the same as or different from one another, are a hydrogen atom or an allcyl 
radical having 1 to 6 carbon atoms. This type of p-diketone complex of cobalt may be cobalt (II) 
acetylacetonate or cobalt (111) acetylacetonate. 

The 0-keto acid ester to form a complex with a cobalt atom may be of the formula: 




20 

wherein R\ R 2 , R 3 and R 4 are the same as defined above. This type of cobalt complex may be a 
cobalt-acetoacetic acid ethyl ester complex. 

The cobalt salt of organic carboxylic acid may be either cobalt octoate or cobalt naphthenate. 
In the ligand compounds capable of forming a complex with a halogenated cobalt compound, the 

25 tertiary amine may be pyridine, triethylamine, tributylamine or dimethylaniline, the alcohol may be methyl 
alcohol or ethyl alcohol, the tertiary phosphine may be trimethyl phosphine, tributyl phosphine or triphenyl 
phosphine, the ketone may be acetone or methyl ethyl ketone and the N,N-dialkylamide may be 
N,N-dimethylformamide, N,N-dimethylacetamide, N,N-diethylformamide or N,N-diethylacetamide. The 
complex of halogenated cobalt is preferably either a complex of cobalt chloride with pyridine or ethyl 

30 alcohol. 

The organoaluminum compound usable for the process of the present invention is of the formula AIR 3 
wherein R represents a hydrocarbon radical of 1 to 6 carbon atoms. The hydrocarbon radical may be an 
alkyl, cycloalkyl or aryl radical of 1 to 6 carbon atoms. Preferably, the organoaluminum compound may be 
trimethylaluminum, triethylaluminum or triphenylaluminum. 

35 in the preparation of the catalyst component solution, it. is important that the cobalt compound and the 
organoaluminum compound are dissolved in the inert organic solvent containing at least one polyene. 
Some polyenes that can be used in the formation of the polyene products used to prepare 
microencapsulated catalysts are 1 ,3-butadiene, 1,3-pentadiene, isoprene, myrcene, and 1,5-cyclooctadiene. 
Polyenes in which at least two of the double bonds are conjugated and which have minimal substitution on 
the double bonds are preferred, particularly 1 ,3-butadiene. Other olefins which can be used are those which 
are capable of serving as chelating agents for transition metals, such as 1,5-cyclooctadiene. Polyenes with 
neither conjugation nor good chelating potential are much less effective. If the preparation is carried out in 
the absence of a polyene, the resultant catalyst component solution is not effective as a component of the 
catalyst composition of the present invention. The polyene is used in a ratio by mole of at least 1.0, 

45 preferably, at least 5.0 to the amount by mole of the cobalt compound to be used in the catalyst component 
solution. The preferred polyenes for use in this invention are 1 ,3-butadiene, 1,3-pentadiene, isoprene, and 
myrcene. The most preferred polyene is 1 ,3-butadiene. 

Generally, the larger the ratio of the amount of polyene to the cobalt compound in the catalyst 
component solution, the higher the activity of the catalyst However, the activity of the catalyst reaches a 

so maximum value at a ratio by mole of polyene monomer to the cobalt compound used in the catalyst 
component solution of between 1 0 and 200. For example, if a molar ratio of polyene monomer to the cobalt 
compound of 10,000 is employed the activity of the catalyst will be similar to that of the catalyst prepared 
from a catalyst component solution containing a ratio of polyene monomer to the cobalt compound of from 
10 to 200. If the ratio is less than 1.0, the resultant catalyst composition has poor activity. 

55 The catalyst component solution is preferably prepared at a temperature of 10° to 50°C and preferably 
contains 0.0005 to 1.0% by mole, more preferably 0.001 to 0.5% by mole, of the cobalt compound. 0.001 to 
10% by mole, more preferably, 0.03 to 5% by mole of the organoaluminum compound based on the 
amount by mole of 1 ,3-butadiene to be polymerized. The ratio by mole of the organoaluminum compound 
to the cobalt compound is preferably in a range from 0.2 to 50, more preferably, from 0.5 to 10. 

50 in the preparation of the catalyst component solution it is preferred for the cobalt compound to be first 
dissolved in the inert organic solvent in the presence of the polyene monomer and then for the 
organoaluminum compound to be added to the solution. However, very satisfactory results can also be 
obtained when the organoaluminum compound is added first. 

In the preparation of this catalyst component solution the organoaluminum compound should not be 

65 allowed to come in contact with water. This is because water can completely decompose such 
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organoaluminum compounds. Accordingly, it is preferable that the inert organic solvent to be used to 
prepare the catalyst component solution be preliminarily dehydrated at least up to a content of water which 
is insufficient to completely decompose the entire amount of the organoaluminum compound. 

It is preferable that the catalyst component solution be prepared using a dehydrated inert organic 

5 solvent However, a trace of water in the inert organic solvent can be present up to a concentration of about 
500 ppm (parts per million by weight). In fact, it is believed that the total elimination of water from such a 
catalyst component solution is undesirable. It is preferred for no more than 200 ppm of water to be present 
in the inert organic solvent used in the preparation of the catalyst component solution. If the content of 
water in the inert organic solvent is larger than 500 ppm, the catalyst component solution has to contain a 

io relatively large amount of the cobalt compound and organoaluminum compound. This results in an 
economic disadvantage. If a sufficient amount of water is present in the inert organic solvent used in the 
preparation of the catalyst component solution the catalyst can be completely destroyed. 

It is desirable to allow the prereaction used in the preparation of the catalyst component solution to run 
for a period of at least 30 seconds, and more preferably for at least 1 minute before mixing the catalyst 

15 component solution with the 1 ^-butadiene/water mixture to form the reaction mixture. Longer time 
periods can be used without the catalyst component solution losing its activity. 

After the organoaluminum compound has been incorporated in the catalyst component solution using 
the above-described technique the catalyst is "protected" from decomposition by water. This is believed to 
be due to a microencapsulation of the catalyst by polyene product formed in the prereaction process used 

20 in the preparation of the catalyst component solution. 

It is believed that a hydrophobic shield is formed around the catalyst that water cannot readily 
penetrate; however, this hydrophobic shield or membrane is probably permeable by the butadiene 
monomer being polymerized into the syndiotactic 1,2-poly butadiene. When 1,3-butadiene is used as the 
polyene, the butadiene product which microencapsulates the catalyst is believed to be a butadiene 

26 monomer complex, an oligomerized butadiene or a polymer of butadiene. It has been determined that this 
protection is sufficient to allow for the use of this catalyst component solution in an aqueous suspension 
polymerization of butadiene into 1,3-poly butadiene of syndiotactic crystal I inity. 

In the second step of this process a reaction mixture is prepared by mixing the catalyst component 
solution with a 1,3-butadfene/water mixture. This 1,3-butadiene/water mixture can contain from as little as 

30 about 2% butadiene to as much as about 50% butadiene by weight. It is preferred for this 
1,3-butadiene/water mixture to contain from 15% to 35% by weight butadiene and it is more preferred for it 
to contain about 20 to 25% butadiene by weight Since 1,3-butadiene is very volatile it will be necessary to 
prepare this mixture in a closed system. Agitation should be provided in the preparation of the reaction 
mixture in order to insure that the catalyst component solution and 1,3-butadiene are distributed 

35 essentially homogeneously throughout the mixture. Since 1 ,3-butadiene is essentially insoluble in water it 
will be present in this mixture in the form of droplets which are distributed throughout the mixture. If 
agitation is discontinued there will be a separation of the organic and aqueous components of this mixture 
into two layers. The organic and aqueous layers of this reaction mixture can be mixed together again by 
agitating the reaction mixture. 

io in the third step of this process a polymerization mixture is prepared by mixing carbon disulfide 
throughout the above-described reaction mixture. The amount of carbon disulfide that can be added will 
vary between 0.005 mole percent and 2 mole percent based on the amount of moles of 1 ,3-butadiene to be 
polymerized in the polymerization mixture. More preferably the amount of carbon disulfide added will vary 
between 0.001 and 1 mole percent based on the amount of moles of 1 ,3-butadiene to be polymerized in the 

45 polymerization mixture. 

In the process of the present invention, the larger the proportion of the carbon disulfide in a range from 
about 0.0005 to about 0.5% by mole based on the amount by mole of the 1 ,3-butadiene to be polymerized 
in the polymerization mixture, the larger the yield of the polymer product obtained from the polymerization 
mixture. However, too large an amount of carbon disulfide, for example, larger than 0.5% by mole, causes 

so a decrease in the polymer yield. 

In the process of the present invention the crystallinity and melting point of the polybutadiene 
produced can be controlled by adding alcohols, ketones, nrtriles, aldehydes, or amides to the 
polymerization mixture. In this aqueous suspension polymerization process there is a limitation of 
controlling crystallinity and melting point with agents which are water-soluble. Thus ethanol and methanol 

55 are not as effective as other alcohols which are much less soluble in water than in hydrocarbons. Water 
soluble agents can not be used effectively to control crystallinity and melting point (only hydrocarbon 
soluble agents can be used). A detailed description of the agents and techniques that are used to control 
crystallinity and melting points is given in United States Patents 3,901,868 and 4,153,767. These patents are 
incorporated herein by reference in their entirety. As has been pointed out, water soluble agents, such as 

60 ethanol and methanol, are not effective agents. Other alcohols such as, 2-ethyM-hexanol, 1-decanol, and 
5-tridecanol, which are not soluble in water, h ave b een used very successfully. 

In the final step of this process the 1,3-butadiene monomer in the polymerization mixture is converted 
into polybutadiene while agitating the polymerization mixture. If the use of an antioxidant is desired, it may 
be added conveniently at the beginning of the polymerization. This polymerization of 1,3-butadiene 

65 monomer can be carried out at a temperature from about -20°C to about 90°C. It is preferable for the 
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polymerization temperature to be from 0°C to 40°C. The most preferred polymerization temperature Is 
about 10°C. At temperatures below 0°C an antifreeze agent can be added to the polymerization mixture to 
keep ft from freezing. 

This polymerization can be carried out either under a normal pressure or in a pressurized system. This 
& polymerization can be carried out under a nitrogen atmosphere with good results. Such a polymerization 
can be run for a period of from about 1 to about 30 hours. It is generally preferred for the polymerization to 
be run for about 10 hours. However, the optimum polymerization time will vary greatly with the 
polymerization temperature, catalyst, the amount of catalyst used, etc. The polybutadiene formed using the 
process of this invention will float to the surface of the polymerization mixture and can easily be recovered. 

to 

Description of the preferred embodiments 

Various embodiments of the process of the present invention in practice are illustrated by the following 
working examples. These examples are intended merely to illustrate the present invention and not in any 
sense to limit the scope in which the present invention can be practiced. Unless specifically indicated 
15 otherwise, parts and percentages are given by weight. 

Example 1 

A typical polymerization utilizing the process of this invention was carried out by preparing a 1.85 M 
(molar) solution of butadiene in hexane under a nitrogen atmosphere. 22.5 ml (milliliters) of this solution 
20 was added to a 4 oz (1 18 ml) bottle. 5.53 ml of a 1.52 M triethy (aluminum in hexane solution was added to 
the bottle. 1.74 ml of a 0.96 M solution of cobalt octoate in mineral spirits was then added. The bottle was 
then placed on a shaker for a period of about one hour at room temperature in order to form the catalyst 
component solution. 

A reaction mixture was prepared by adding 0.58 ml of the aforementioned catalyst component solution 
25 to a 4 oz (1 18 ml) bottle containing 40 grams of deionized water and 20 grams of 1,3-butadiene monomer. 
The polymerization mixture was then prepared by adding 0.49 ml of a 0.10 M solution of carbon disulfide in 
hexane to the aforementioned reaction mixture. The bottle was then placed in a constant temperature bath 
and tumbled at 10°C. 

After the polymerization was run for a period of 22 hours the bottle was removed from the constant 
30 temperature bath. The polybutadiene that was obtained was then soaked in 300 ml of a 1 percent solution 
of 2,6-di-tert-butyl-p-cresol in methanol. The polybutadiene was washed two times with such a methanol 
solution and it was then filtered off and vacuum dried at 90°C. The yield of polymer was determined to be 
38 percent Using differential scanning calorimetry, the peak melting temperature was found to be 188°C. 

55 Example 2 

The procedure specified in Example 1 was utilized in the synthesis of a polybutadiene except that 1.0 
ml of 5-tridecanol was added to the reaction mixture after the triethylalumlnum and cobalt octoate were 
added. The yield of polybutadiene was determined to be 63 percent and its melting point was 164°C. This 
shows that the addition of a water insoluble alcohol to the reaction mixture used in such a polymerization 
40 can reduce the melting point of the polybutadiene produced and increase the yield. The melting point of the 
polybutadiene produced in such a polymerization can be accurately controlled by adjusting the amount of 
alcohol present in the reaction mixture. 

Examples 3 through 9 

45 A catalyst component solution was prepared by adding 5.53 ml of a 1 .52 M triethylaluminum in hexane 
solution to 22.5 ml of a 1.85 M butadiene in cyclohexane solution which was in a 118 ml bottle under 
nitrogen, followed by the addition of 0.80 ml of a 2.09 M cobalt octoate in mineral spirits solution. This 
bottle was capped and placed on a shaker for about one hour. 

A series of reaction mixtures were prepared by adding various amounts of the aforementioned catalyst 

50 component solution to a series of 118 ml bottles containing 40 g of deionized water and 20 gram of 
1,3-butadiene monomer. The amount of catalyst component solution added is shown in Table I. Various 
amounts (shown in Table I) of a 0.1 M carbon disulfide in cyclohexane solution were then added to the 
series of bottles to form polymerization mixtures. 

The bottles were placed in a constant temperature bath at 10°C and tumbled for 20 hours. The 

55 polymers obtained were washed in a 1% solution of 2,6-ditertiarybutyl-p-cresol in methanol and dried in a 
65°C forced air oven for 10 hours. Polymer yields were determined and are shown in Table I. The peak 
melting temperature in Examples 3, 4 and 6 was determined to be 199°C and was determined to be 200°C in 
Example 5. 
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TABLE I 

Catalyst component 
solution added (ml) 



CS 2 Solution 
added (ml) 



Polymer 
yield 



10 



15 



20 



25 



30 



36 



3 
4 
5 
6 
7 
8 
9 



0.56 
0.84 
1.12 
1.40 
1.68 
1.96 
2.24 



0.49 
0.74 
0.98 
1.22 
1.47 
1.72 
1.96 



46% 
76% 
96% 
100% 
100% 
100% 
100% 



Examples 10 through 12 

The same procedure that was specified in Example 2 was employed except that various amounts of 
1-butanol were used in these Examples in piace of the 5-tridecanol and the polymerization time was 25 
hours. The amount of 1-butanol used and the resulting polymer yields, and peak melting points as 
determined by differential scanning caiorimetry are shown in Table II. 



1-Butanol 
added (ml) 



TABLE II 



Polymer yield 



Melting 
temperature 



1.0 
4.0 
10.0 



63% 
75% 
74% 



177°C 
140°C 
116°C 



Examples 13 through 18 

Six different polyenes were tested in a series of experiments to ascertain their usefulness in the 
preparation of catalyst component solutions. 50 ml of a polyene in toluene solution of one of the polyenes 
40 listed in Table ill was added to a series of 118 ml bottles under nitrogen. 1.6 ml of a 2 M solution of cobalt 
octoate in mineral spirits and 9.0 ml of a 1.52 M solution of triethy (aluminum in hexane were added to the 
bottles to produce a series of catalyst component solutions. 

1.5 ml of these catalyst component solutions were added to a series of 118 nil bottles containing 50 g of 
deionized water and 25 g of 1,3-butadiene. 0.6 ml of a 0.2 M solution of a carbon disulfide in hexane was 
45 then added to the bottles to produce a series of polymerization mixtures, 0.032 miilimoles of cobalt octoate, 
0.128 miilimoles of triethylaluminum, and 0.032 miilimoles of carbon disulfide per 100 g of 1,3-butadiene 
monomer were present in these polymerization mixtures. 

This series of bottles was then placed in a constant temperature bath at 10°C and tumbled for 20 hours. 
The contents of these bottles were then poured into a series of beakers containing 300 ml of methanol. The 
polymers produced were isolated by filtration, washed with water, and dried. The polyenes employed, the 
amount of the polyene employed, and the polymer yields are shown in Table III. 
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TABLE ill 






5 


Example 


Polyene 


Amount of 

polyene* 


Polymer 




13 


Isoprene 


20 


67 




14 


Myrcene 


15 


33 


10 


15 


trans- 
Piperylene 


10 


76 


15 


16 


1,5-Cyclo- 
octadiene 


20 


22 




17 


1-Pentene 


22 


0 




18 


Cyclooctene 


38 


0 



20 *in milllmoles per 100 g of 1,3-butadiene 

While certain representative embodiments and details have been shown for the purpose of illustrating 
the invention, it will be apparent to those skilled in this art that various changes and modifications can be 
made therein without departing from the scope of this invention. 
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Claims 



1. An aqueous polymerization medium characterized by containing a catalyst composition which 
contains (a) an organoaluminum compound of the formula AIR^ wherein R represents a hydrocarbon 

30 radical of 1—6 carbon atoms and (b) a cobalt compound selected from the group consisting of (i) 
P-diketone complexes of cobalt 00 P-keto acid ester complexes of cobalt, (Hi) cobalt salts of organic 
carboxylic acids having 6—15 carbon atoms, and (iv) complexes of halogenated cobalt compounds of the 
formula CoX„, where X represents a halogen atom and n represents 2 or 3, with an organic compound 
selected from the group consisting of tertiary amines, alcohols, tertiary phosphines, ketones, and 

35 N,N-dialkylamides; wherein said catalyst composition is microencapsulated in a polyene product and 
wherein the mole ratio of polyene in the polyene product to the cobalt compound is at least 1.0. 

2. An aqueous polymerization medium as claimed in claim 1 characterized in that the catalyst 
composition is prepared by dissolving said organoaluminum compound and said cobalt compound in an 
inert organic solvent containing at least one polyene. 

40 3. An aqueous polymerization medium as claimed in claims 1 or 2, characterized in that the polyene 
product is a product of at least one polyene selected from the group consisting of butadiene, 
1,3-pentadiene, isoprene, and myrcene. 

4. A process for producing poly butadiene composed of essentially syndiotactic 1,2-polybutadiene in an 
aqueous medium, characterized in that 1,3-butadiene is polymerized in an aqueous polymerization 

45 medium as claimed in any one of the preceding claims in the presence of carbon disulfide. 

5. A process as claimed in claim 4 when dependent upon claim 2 characterized in that the catalyst 
composition is dissolved in an inert organic solvent containing said polyene to form a catalyst component 
solution and the catalyst component solution is distributed throughout the aqueous medium, prior to the 
distribution of the carbon disulfide throughout said medium. 

so 6. A process as claimed in claim 5 characterized by steps of: 

(a) preparing a catalyst component solution, 

(b) preparing a reaction mixture by mixing said catalyst component solution with a 1,3-butadiene/ 
water mixture containing desired amounts of said 1,3-butadiene. 

(c) providing a polymerization mixture by mixing carbon disulfide throughout said reaction mixture, 

55 and 

(d) polymerizing said 1,3-butadiene in said polymerization mixture while agitating said mixture. 
7. A process as claimed in any one of claims 4 to 6 when dependent upon claim 3, characterized in that 

the cobalt compound is dissolved in said inert organic solvent prior to dissolving said organoaluminum 
compound in the inert organic solvent. 

60 8. A process as claimed in any one of claims 4 to 7 when dependent upon claim 3, characterized in that 
the process of polymerizing said 1,3-butadiene is carried out at a temperature of from 0°C to 40°C wherein 
said inert organic solvent is selected from the group consisting of aromatic hydrocarbons, aliphatic 
hydrocarbons, alicyclic hydrocarbons, and halogenated aromatic hydrocarbons. 

9. A process as specified in claim 6 or claim 7 or 8 when dependent on claim 7, characterized in that 

65 said catalyst component solution is prepared at a temperature of 10°C to 50°C; wherein the 1,3-butadiene/ 
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water mixture contains from 15% to 35% 1,3-butadiene by weight; wherein said catalyst component 
solution contains 0.001% to 0.5% by mole of said cobalt compound and 0.03 to 5% by mole of said 
organoaluminum compound, based on the amount by mole of said 1,3-butadiene to be polymerized in said 
polymerization mixture; and wherein said polymerization mixture contains from 0.005 to 2 mole percent 
s carbon disulfide, based on the amount by mole of said 1,3-butadiene to be polymerized in said 
polymerization mixture. 

10. A process as claimed in any of the preceding claims characterized in that the mole ratio of polyene 
to cobalt compound is from 10 to 200. 

jo PatentansprCkche 

1. WSBriges Polymerisationsmedium, dadurch gekennzeichnet, daB es eine Katalysatorzubereitung 
enthalt, die (a) eine Organoaluminiumverbindung. der Forme! AIR* worm R einen Kohlenwasserstoffrest 
mit 1 bis 6 Kohlenstoffatomen bedeutet, und (b) eine Kobaltverbindung enthalt, ausgewShlt aus der 

75 Gruppe bestehend aus (i) p-Diketonkomplexen von Kobalt (ii) 3-Ketosaureesterkomplexen von Kobalt, (iii) 
Kobaltsalzen von organischen Carbonsauren mit 6 bis 15 Kohlenstoffatomen und (iv) Komplexen von 
halogenierten Kobaltverbindungen der Formel CoXn, wobei X eine Halogenatom ist und n 2 oder 3 ist, mit 
einer organischen Verbindung, ausgewfihlt aus der Gruppe, die aus tertiSren Aminen, Alkohoien, tertiiren 
Phosphinen, Ketonen und N,N-Dialkylamiden besteht, wobei die Katalysatorzubereitung in einem 

20 Polyenprodukt mikroeingekapselt ist, und wobei das Molverhfiltnis des Polyens in dem Poiyenprodukt zu 
der Kobaltverbindung wenigstens 1,0 betrdgt. 

2. WiBriges Polymerisationsmedium nach Anspruch 1, dadurch gekennzeichnet, daB die Katalysator- 
zubereitung hergestellt wird durch Aufldsen der Organoaluminiumverbindung und der Kobaltverbindung 
in einem inerten organischen Ldsungsmittel, das wenigstens ein Polyen enthalt. 

25 3. WSBriges Polymerisationsmedium nach Anspruch 1 Oder 2, dadurch gekennzeichnet, daS das 
Polyenprodukt ein Produkt wenigstens eines Polyens ist, ausgewdhit aus der Gruppe, die aus Butadien, 
1,3-Pentadien, fsopren und Myrcen besteht 

4. Verfahren zur Herstellung von Polybutadien aus einem im wesentlichen syndiotaktischen 

1.2- Poly butadien in einem w§Brigen Medium, dadurch gekennzeichnet, daB 1,3-Butadien in einem 
30 waBrigen Polymerisationsmedium gemSB einem der vorhergehenden AnsprOche in Gegenwart von 

Schwefelkohienstoff polymerisiert wird. 

5. Verfahren nach Anspruch 4 im Zusammenhang mit Anspruch 2, dadurch gekennzeichnet, daB die 
Katalysatorzubereitung in einem inerten organischen Ldsungsmittel aufgeldst wird, welches das Poiyen 
enth§lt, unter Bildung einer Kataiysatorkomponentenldsung, und die Kataiysatorkomponentenldsung in 

36 dem waBrigen Medium vor der Verteilung des Schwefeikohfenstoffs in dem Medium verteilt wird. 

6. Verfahren nach Anspruch 5, gekennzeichnet durch die Stufen: 

(a) Herstellung einer Kataiysatorkomponentenldsung, 

(b) Herstellung einer Reaktionsmischung durch Vermischen der Kataiysatorkomponentenldsung mit 
einer 1,3-Butadien/Wasser-Mischung, enthaltend die gewunschten Mengen an 1 ,3-Butadien, 

40 (c) Herstellung einer Polymerisationsmischung durch Vermischen von Schwefelkohienstoff in der 
Reaktionsmischung, und 

(d) Polymerisation des 1 ,3-Butadiens in der Polymerisationsmischung unter Rflhren der Mischung. 

7. Verfahren nach' einem der AnsprOche 4 bis 6 in Abhangigkeit von Anspruch 3, dadurch 
gekennzeichnet daB die Kobaltverbindung in dem inerten organischen Ldsungsmittel vor dem Aufldsen 

45 der Organoaluminiumverbindung in dem inerten organischen Ldsungsmittel aufgeldst wird. 

8. Verfahren nach einem der AnsprOche 4 bis 7 in Abhfingigkeit von Anspruch 3, dadurch 
gekennzeichnet, daB das Verfahren der Polymerisation des 1 ,3-Butadiens bei einer Temperatur von 0 bis 
40°C durchgefuhrt wird, wobei das inerte organische Ldsungsmittel aus der Gruppe ausgewahlt wird, die 
aus aromatischen Kohienwasserstoffen, aliphatischen Kohlenwasserstoffen, alicyclischen Kohlenwasser- 

50 stoffen sowie halogenierten aromatischen Kohlenwasserstoffen besteht 

9. Verfahren nach Anspruch 6 oder 7 oder 8 in AbhSngigkeit von Anspruch 7, dadurch gekennzeichnet 
daB die Kataiysatorkomponentenldsung bei einer Temperatur von 10°C bis SOX hergestellt wird, wobei die 

1.3- Butadien/Wasser-Mischung 15 bis 35 Gew.-% 1,3-Butadien enthSit, die Kataiysatorkomponentenldsung 
0,001 bis 0,5 Mol-% der Kobaltverbindung und 0,03 bis 5 Mol-% der Organoaluminiumverbindung, 

55 bezogen auf die Molmenge des in der Polymerisationsmischung zu polymerisierenden 1 ,3-Butadiens, 
enthalt und die Polymerisationsmischung 0,005 bis 2 Mol-% Schwefelkohienstoff, bezogen auf die 
Molmenge des in der Polymerisationsmischung zu polymerisierenden 1 ,3-Butadiens, enthalt. 

10. Verfahren nach einem der vorhergehenden AnsprOche, dadurch gekennzeichnet, daB das 
Moiverhaltnis des Polyens zu der Kobaltverbindung 10 bis 200 betragt. 

6o 

Revendications 

1. Milieu aqueux de polymerisation, caract6ris6 en ce qu'il contient une composition catalytique 
contenant (a) un compost d'organoaluminium de formula AIR 8 dans laquelle R repr6sente un radical 
es d'hydrocarbure contenant 1 d 6 atomes de carbone, et (b) un compost de cobalt choisi parmi le groupe 
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comprenant (i) des complexes de 0-dic6tones et de cobalt, (ii) des complexes d'esters de P-c6to-acides et 
de cobalt (HI) des seis de cobalt d'acides carboxyliques organiques contenant 6 a 15 atomes de carbone, et 
(iv) des complexes de composes halog6n6s de cobalt de formula CoX n dans (aquelle X repr^sente un 
atome d'halogene et n repr6sente 2 ou 3, avec un compost organique choisi parmi le groupe comprenant 
5 les amines tertiaires, ies alcools, les phosphlnes tertiaires, les c6tones et les N,N-dialkylamides, cette 
composition catalytique 6tant microencapsuiea dans un produit polyene, tandis que le rapport molaire du 
polyene contenu dans le produit polyene, au compose* de cobalt est d'au moms 1,0. 

2. Milieu aqueux de polymerisation selon la revendication 1, caracterise en ce qu'on prepare la 
composition catalytique en dissolvant ce compose* d'organo-aluminium et ce compose de cobalt dans un 

10 solvent organique inerte contenant au moins un polyene. 

3. Milieu aqueux de polymerisation selon les revendications 1 ou 2, caracterise en ce que le produit 
polyene est un produit d'au moins un polyene choisi parmi le groupe comprenant le butadiene, le 
1,3-pentadiene, I'isoprene et le myrcene. 

4. Procede de preparation de polybutadiene constitu6 essentieliement de 1,2-poly butadiene 
is syndiotactique, dans un milieu aqueux, caract6ris6 en ce qu'on polymerise du 1 ,3-butadiene dans un milieu 

aqueux de polymerisation selon Tune quelconque des revendications precSdentes, en presence de 
disuifure de carbone. 

5. Procede selon la revendication 4, en fonction de la revendication 2, caracterise en ce qu'on dissout la 
composition catalytique dans un solvant organique inerte contenant le polydne pour former une solution 

20 de composants catalytiques, solution que I'on r6partit partout dans le milieu aqueux avant de r6partir le 
disuifure de carbone partout dans ce milieu. 

6. Procede selon la revendication 5, caracterise en ce qu'il comprend les etapes qui consistent a: 

(a) preparer une solution de composants catalytiques, 

(b) preparer un melange reactionnel en meiangeant cette solution de composants catalytiques avec un 
25 melange de 1,3-butadiene/eau contenant des quantites d6sir6es de ce 1,3-butadiene, 

(c) preparer un melange de polymerisation en meiangeant du disuifure de carbone partout dans ce 
melange reactionnel, et 

(d) polymeriser ce 1,3-butadiene dans ce melange de polymerisation, tout en agitant ce dernier. 

7. Procede selon i'une quelconque des revendications 4 a 6, en fonction de la revendication 3, 
30 caracterise en ce qu'on dissout le compose de cobalt dans le solvant organique inerte avant de dissoudre le 

compose d'organo-aluminium dans le solvant organique inerte. 

8. Procede selon I'une quelconque des revendications 4 a 7, en fonction de la revendication 3, 
caracterise en ce que le procede de polymerisation du 1,3-butadiene est effectue a une temperature se 
situant entre 0°C et 40°C, le solvant organique inerte etant choisi parmi le groupe comprenant des 

35 hydrocarbures aromatiques, des hydrocarbures aliphatiques, des hydrocarbures aticycliques et des 
hydrocarbures aromatiques halog§n6s. 

9. Procede seion la revendication 6 ou 7, ou selon la revendication 8 en fonction de la revendication 7, 
caracterise en ce qu'on prepare la solution de composants catalytiques a une temperature de 10°C a 50°C; 
le melange de 1,3-butadiene/eau contenant 15% a 35% en poids de 1,3-butadiene; la solution de 

40 composants catalytiques contenant 0,001 % a 0,5% molaire du compose de cobalt et 0,03 a 5% molaires du 
compose d'organo-aluminium, caicuie sur la quantite molaire du 1,3-butadiene devant Stre polymerise 
dans le melange de polymerisation; et le melange de polymerisation contenant 0,005 a 2% molaires de 
disuifure de carbone, caicuie sur (a quantite molaire du 1,3-butadiene devant dtre polymerise dans le 
melange de polymerisation. 

45 10. Procede selon i'une quelconque des revendications precedentes, caracterise en ce que le rapport 
molaire du polyene au compose de cobalt est de 10 a 200. 
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